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ABSTRACT 
 
 
This senior project discusses the design of an irrigation system for an almond orchard in 
Merced County. This irrigation system will employ dual line drip emitters to provide 
efficient, targeted irrigations while also reducing salt build up. The irrigation system will 
also utilize both surface and well water. 
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INTRODUCTION 
 
 
Background 
 
Almond orchards in California produced $5.9 billion worth of revenue in 2014, according 
to the California Department of Food and Agriculture (CDFA, 2014). This success is in 
spite of the many obstacle farmers have had to face in California, including drought, 
ever-changing environmental regulations, and increasing costs of production. In the 
majority of California, the most concerning of these issues is the combination of drought 
with regulatory water supply restrictions resulting in the extreme reduction in water 
supply. In the last 5 years, farmers within the Central Valley Project have received 0% 
allocation, the State Water Project has received an average of 10% allocation, and the San 
Joaquin River Exchange Contractors Water Authority (Exchange Contractors) have 
received less water than mandated by their 1939 contract.  
 
In addition to this, groundwater levels in the Central Valley continue to fall due to 
overdraft and the lack of replenishment. This underground aquifer depletion has caused 
many problems including wells failing and subsidence. To compound all these problems, 
almond trees are not considered drought resistant plants. Just to survive every year, 
almond trees need about 1.5 acre-feet of water a year and 3.5-4 acre feet of water a year 
to produce a high yield crop (Goldhamer, 2006).  
 
These challenges make designing an irrigation system for almond trees in the Central 
Valley an increasingly difficult task. In attempt to solve these issues and still produce a 
profit, many farmers in the Central Valley have moved towards utilizing more efficient 
irrigation practices like micro-sprinklers and dual line drip. For Soares Farms’ new 
almond field in Santa Nella, California, they plan to utilize both micro-sprinklers and 
dual line drip to maximize irrigation efficiency and prevent salt buildup. This 60-acre 
field will potentially use both well water and surface water to irrigate the field. The 
design will include a pump and filter station to prevent plugging of the emitters and to 
provide an adequate pressure for the system. An image of the field that the design will be 
utilized is shown below. 
 
After the literature review and introduction were written, the grower decided to utilize 
only dual line drip emitters. This change in the project will be reflected in the design and 
the written report in subsequent sections. 
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Figure 1. 60-acre lot located in Santa Nella 
 
Objectives 
 
The objectives for the design of this almond orchard are: 
1) Design an irrigation system that can achieve a system distribution uniformity of at 
least 0.93.  
2) Design an irrigation system that can supply enough water to the orchard to meet 
peak crop evapotranspiration. 
3) Use economic pipe sizing techniques to minimize the cost of installation and 
pumping costs. 
4) Use a maximum water velocity of 5 feet per second and pipeline protection 
equipment to prevent catastrophic failure in the pipeline that can cause serious 
injury or death. 
5) Design an efficient filtration system that will prevent plugging in the emitters. 
6) Provide a system design to effectively and efficiently distribute the two sources of 
irrigation water which will have significantly differing water quality, and 
screening and filtering requirements. 
 
  
3 
 
 
 
LITERATURE REVIEW 
 
 
Evapotranspiration (ET) 
 
Evapotranspiration (ET) is the process of evaporation of water from soil and plant 
surfaces plus the transpiration from plants. ET is what determines and controls the design 
of the irrigation system. This is because the irrigation system has to meet peak ET 
demands, leaching requirements, and inefficiencies to be an effective system. ET has 
different factors that contribute to it, including crop type and irrigation type. Drip 
irrigation, for example, causes the plant to have very little water stress, which means 
transpiration is always at a maximum value, contributing to higher ET demands. For this 
reason, when using drip and micro-irrigation, the value of ET needs to be increased by 
15% (Burt and Styles, 2011). To find the peak ET value that the designer has to plan for, 
the Irrigation Training and Research Centers (ITRC) publishes ET rates for different 
crops planted in different climate zones in California and for dry, wet, and normal years. 
Applying this peak value allows the designer to build a system that will always meet or 
exceed the ET demands of the crop. Using information from both ITRC and a study done 
by Goldhamer, an almond orchard irrigated using a micro-irrigation system requires a 
maximum of 9.74 inches of water to satisfy ET demands in the worst-case month, July 
(ITRC, 1999 and Goldhamer, Unpublished). This information is specific for the area 
which the irrigation system will be put into place. These two studies are used 
concurrently because the ET crop data from Goldhamer represents a worst case scenario 
and the ET data from the ITRC represents average weather data. 
 
Soil 
 
 
 
Figure 2. Soil map indicating different soil types in the field 
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While ET tells you how much water the crop needs, the particular type of soil that is 
present in the orchard determines how much water the farmer can apply at a time. Soil is 
comprised of three main components: sand, silt, and clay (ITRC 2013). Soil composition 
dictates the infiltration rate, nutrient holding capacity, and soil texture. Soil composition 
also controls Available Water Holding Capacity (AWHC). A soil with a high AWHC will 
be able to hold more water than a soil with a low AWHC.  
 
Soils also can cause salinity problems as well. According to FAO 56, Maas, and Ayers 
and Westcot, almonds have a threshold soil EC of 1.5 dS/m and a decrease of yield of 
19% for every dS/m over the threshold (Allen et. al 1998, Maas 1984, Ayers and Westcot 
1976). This means that almonds are sensitive to salts.  
 
To find out if a soil is conducive to growing almonds, a designer or farmer can use the 
Web Soil Survey to see basic information about the area of interest. For the area of which 
this irrigation system is to be designed, the Web Soil Survey says that the soils present 
are Damluis clay loam (45.3%) and Los Banos clay loam (54.7%). Damluis clay loam, 
indicated by 161 on the map, is well drained, has over 80 inches of soil until any 
restrictive layer or ground water is reached, and has a soil EC value of about 1.0 dS/m. Its 
AWHC is as high as 9.5 inches for the whole profile, and capacity to transmit water at its 
most limiting layer is about 0.15 in/hr. Los Banos clay loam, shown by 206 on the map, 
is well drained, has over 80 inches of soil until any restrictive layer or ground water is 
reached, and has a value of about 1.0 dS/m. Its AWHC is moderate at 8.6 inches for the 
whole profile, and capacity to transmit water at its most limiting layer is about 0.15 in/hr 
(Web Soil Survey 2010). 
 
Water Quality 
 
Analyzing the water quality that will be used to irrigate the orchard is just as important as 
looking at the soil because if the water is salty or contaminated with heavy metals, it can 
cause more problems than a low quality soil. Since this orchard may be irrigated using 
both well water and surface water, both sources will have to be checked. To prevent salt 
problems due to water quality, irrigation designers use a leaching requirement (LR) to 
prevent salt buildup and to keep the soil EC at a constant level. The leaching requirement 
is an additional amount of irrigation water needed on top of evapotranspiration.  
 
                             𝐿𝐿 = 𝐼𝐼𝐼ℎ𝑒𝑒 𝑜𝑜 𝑤𝑤𝑤𝑒𝑤 𝐼𝑒𝑒𝑛𝑒𝑛 𝑜𝑜𝑤 𝑙𝑒𝑤𝐼ℎ𝑖𝐼𝑖
𝑇𝑜𝑤𝑤𝑙 𝑖𝐼𝐼ℎ𝑒𝑒 𝑜𝑜 𝑖𝑤𝑤𝑖𝑖𝑤𝑤𝑖𝑜𝐼 𝑤𝑤𝑤𝑒𝑤 𝐼𝑒𝑒𝑛𝑒𝑛    (1) 
 
                                                𝐿𝐿 = 𝐸𝐸𝑊(5∗𝐸𝐸𝐸)−𝐸𝐸𝑊     (2) 
 
In the second equation, ECW is the EC of the water and the ECE is the threshold EC for 
soil. The ECW of the surface irrigation water in a worst case scenario is 1.0 dS/m with an 
average around 0.5-0.6 dS/m and the boron level is .37 ppm. The ECW of the worst case 
scenario for the well water is 1.7 and the boron level is 1 ppm. This means the well water 
has the potential to negatively affect the crop and the trees should not be solely irrigated 
with well water. The boron level is important because boron can be toxic to almond 
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orchards in high level. According to El-Motaium, problems with boron start around 5 
ppm, especially with sensitive rootstock (El-Motaium, 1994). With this limit, the boron 
does not seem to be a problem with either source.  
 
Distribution Uniformity 
 
Distribution uniformity, or DU, is the measure of how well an irrigation system equally 
distributes water throughout a field. DU is a key component in irrigation efficiency and 
an important factor in keeping operational costs to a minimum. For this reason, both 
farmers and designers want to aim for a high DU. One reason many farmers and 
designers are switching to micro-irrigation systems for crops is because they have the 
potential to have a high DU, improving irrigation efficiency (ITRC 2013). Where a DU 
of 0.8 would be considered very good for a surface irrigation system, DUs of 0.9 and 
even 0.95 are possible with micro-irrigation systems (Burt et. al 2000). The main 
components of DU in a micro-irrigation system include manufactures coefficient, 
unequal drainage or spacing, and plugging (Burt and Styles, 2011).  
 
Irrigation Scheduling 
 
Irrigation scheduling is what an irrigation system gets designed around. Irrigation 
scheduling is based off when the available water in the soil is depleted a certain amount, 
called manageable allowable depletion, or MAD. When MAD is reached in the field, the 
farmer schedules an irrigation event. Factors for MAD include the frequency of irrigation 
events, the soil type, and the crops sensitivity to water stress (Burt, 2009). Irrigation 
scheduling for almonds is especially important for almonds because they are very 
sensitive to water stress. This means that the MAD has to be low, which is ideal when 
using drip or micro-irrigation. Almond trees are sensitive to water stress during flower 
bloom, nut growth stage, and flower budding (Naor, 2006). This is because too much 
water stress at these stages will negatively affect yield. For example, if an almond tree is 
stressed too much during nut growth, the nuts will be undersized or even dropped by the 
tree. Low stress at this time will ensure proper development of the nuts. Irrigation 
scheduling is also affected of the depth of the root zone. That is because the shallower a 
root zone a crop has, the more quickly it drains the available water. According to FAO 
56, the root zone for almonds is between 3.5-6.5 feet (Allen et al. 1998). This root zone is 
considered relatively shallow compared to other tree crops and it is critical to schedule 
irrigations correctly because there is less of a buffer from the soil water. For this field in 
particular, a reasonable MAD would be somewhere between 30% and 40%. This is due to 
the low tolerance almond trees have for water stress and the dense, clay soil. Clay soil 
tends to hold on to water more tightly, causing more water stress at low depletion levels. 
After determining MAD, the irrigation scheduler can calculate soil moisture depletion 
(SMD). SMD is the actual amount of water depleted from the soil before an irrigation 
event occurs. SMD is a product of the MAD and the AWHC of the soil in the root zone.  
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Micro-irrigation  
 
Micro-irrigation is a relatively new type of irrigation that uses low flow rates and 
frequent irrigation events to keep the soil reservoir filled (ITRC, 2013). Two types of 
micro-irrigation include drip and micro-sprinklers and sprayers. Drip irrigation uses a 
series of hoses with small emitters spaced at regular intervals to irrigate a crop. The 
emitters come in several different types, but the most common are torturous path and 
pressure compensating (PC) emitters. To express differences in emitters, manufactures 
use two variables to describe the performance of the emitters. The first variable is the 
coefficient of manufacturing variation or Cv. Cv describes the differences in drip emitters 
and micro-sprayers due to manufacturing. The lower the Cv, the more uniform the 
devices are and the higher the DU should be when everything else is constant. Cv values 
should be lower than .05 for decent emitters and can get as low as .03 or .025. The second 
variable is the exponent, x. The exponent describes how differences in pressure affects 
flow rate. The higher the exponent, the more effect pressure has on flow rates. This 
relationship is shown in Equation 1.  
 
                                                                𝑄 = 𝐾 ∗ 𝑃𝑥                                                 (3) 
 
Q is the flowrate in GPM or GPH, K is the constant that depends on the emitter, P is the 
pressure in PSI, and x is the exponent (ITRC, 2013). Torturous path emitters have fairly 
low exponents because the emitter forces water through a path before being emitted from 
the hose, somewhat negating minor pressure differences between emitters. If there are 
large pressure differences however, there will be flow rate differences between emitters 
that would negatively affect DU. The exponent for torturous path are typically around .4-
.5. PC emitters have essentially the same flow rate over a large range of pressures as long 
as the operating pressure is with that range. They work better if the design incorporates a 
large range of pressures at the emitters that cannot be avoided, like steep slopes. To 
achieve this constant flowrate, PC emitters have an exponent very close to zero. 
However, PC emitters are slightly more expensive then torturous pass emitters, 
increasing initial costs. Drip hoses as a whole only irrigate a small percentage of the 
ground however, can cause managing problems. This small wetted area reduces the 
amount the soil reservoir which is utilized, requiring more frequent irrigations. The drip 
lines also cause salts to build up in between rows of trees, causing excess salt to build up 
and can eventually negatively affect the tress health (Burt and Isbell, 2003). To avoid 
this, many designers and farmers use a dual line drip design which uses drip lines on both 
sides of each row of trees to supply water. This increases the wetted area of the irrigation 
system. Another way to increase the wetter area is to use micro-sprayers alone or with the 
drip system. Micro-sprayers are effective because they have a higher wetted area then 
drip emitters, potentially have a high DU (above .90), can have a constant flow rate over 
a range of pressures, and emit a higher flow rate then drip emitters. However, micro-
sprayers are more susceptible to animal damage and are not able to “spoon feed” crops 
like drip irrigation. When used with a drip irrigation system, micro-sprayers can be used 
to push and leech salts more effectively then the drip lines alone. 
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Drip Emitters 
 
The two drip emitters that were chosen as possible choices for this irrigation system were 
the Netafim Dripnet PC emitters and the Rain Bird A5 PC emitters. The Netafim emitters 
were chosen due to grower preferences and the Rain Bird emitter was chosen because it 
functioned well in a performance test run by the ITRC. Both emitters had to be PC due to 
grower preferences as well. The advantage of the Dripnet PC emitters over the A5 emitter 
is that the Dripnet emitter has a slightly smaller minimum pressure, 6 psi compared to the 
A5 7 psi. This smaller pressure would allow the system to run at a lower pressure, saving 
energy costs. The Dripnet emitters also require less filtering (80 mesh compared to the 
A5’s 120 mesh requirement). The advantage the A5 emitters had was they performed 
well in an independent test run by ITRC. In the test, the listed flow rate was exactly the 
same as the experimental flow rate and the manufactures coefficient was very low at 0.02 
at low pressures (Burt and Feist, 2013a). This means that the different emitters were very 
consistent. One commonality of the test was low flow emitters performed best (around .5 
GPH) and the emitters performed best close to the minimum pressure. 
 
Micro-sprayers 
 
The micro-sprayer that was chosen for the design is the Bowsmith Fanjet Pattern A. This 
pattern was chosen because it provides the largest diameter of wetted area for pressure. 
This is important because the micro-sprayers will be used to push down and leach salts. 
The PC addition is also not needed for the Fanjet because the grower wants to be able to 
change the flowrate and wetted area by changing the pressure, and not be stuck at one 
flowrate and wetted area. One downside of this design is at the lower flowrate emitters, a 
larger mesh size filtration system is needed then the drip emitters. The emitter exponent 
for all micro-sprayers is 0.5 and the Cv for this sprayer is 0.03. 
 
Hydraulics 
 
After designing the drip emitters, the irrigation designer works back from the emitters to 
the pump to find the required input pressure using hydraulics. First way to design a 
system using hydraulics is designing for DU. Designing for DU is done downstream of 
where pressure regulation occurs (Burt, 2015). In a PC system, the pressure regulation is 
done at the emitter, so the designer does not design for DU. In a non-PC system, the 
pressure regulation is typically done at the head of a manifold at a pressure regulator. 
That means downstream of that pressure regulator, pipe and hose sizing has to be done to 
maintain a certain DU. Upstream of a pressure regulator; economic pipe sizing is used 
along the critical path. The critical path is the path in the irrigation system where the 
water has the highest loss of pressure. Economic pipe sizing is used here to balance the 
energy used to pump the water to this point and the cost of pipe. In all other areas 
upstream of a pressure regulator, pipe size should be reduced as much as possible 
compared to the economic pipe sizing to use up any extra pressure.  
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Pressure Regulator 
 
The pressure regulator chosen if needed for the micro-sprayer system is the Nelson 800. 
This is because of its performance in an ITRC test. Most pressure regulators performed 
poorly at the low pressures tested; pressures which are necessary for most micro-
irrigation systems. The Nelson however performed well at increasing and decreasing 
pressure. It also had the lowest pressure drop compared to the rest of the pressure 
regulators (Burt and Feist, 2013b). 
 
Filtration 
 
Unlike other irrigation methods, it is very important that the water being using in micro-
irrigation is properly filtered. To prevent plugging in drip hoses, filters have to prevent 
particles around the size of 0.001”-0.007” from traveling down the hoses into the 
emitters. An example of how multiple small particles can plug a larger hole is shown in 
Figure 3.  
 
 
 
Figure 3. Example of small particles “bridging” an orifice (Burt and Styles, 2011) 
 
Particles this small can still cause problems because they can potentially bridge gaps and 
plug larger diameter holes (Burt and Styles, 2011). To get clean enough water, one type 
of filter commonly used is sand media tanks. Sand media tanks, as seen in Figure 4, are 
large tanks filled with some type of media, including crushed granite, silica, or round 
rock.  
 
 
 
Figure 4. Sketch showing the process’ sand media tanks go through. Sketch courtesy of 
Yardney. 
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The media acts like a filter when the water runs through it, removing sand and organic 
matter. To properly remove the material, it is important the media is sized properly. The 
smaller the media, the better the filtration properties, but the more often it has to be 
backflushed and the less capacity each specific tank has. Backflushing is when irrigation 
water is run backwards through a tank to remove filtered material from the tank and out 
of the system. This removal of material improves the filtration abilities of each tank and 
the capacity each tank can handle. One downside of using sand media tanks is if the tank 
fails and the media is carried into the irrigation system. This can cause havoc on the 
system because the fine media can plug up the emitters and/or sprinklers and potentially 
cause the whole system to be replaced. To prevent this, it is advisable to have a tubular 
screen filter back up the sand media filters. The tubular screen filter, shown below, 
doesn’t work well as a main filter, but it does work well at filtering sand and large pieces 
of non-organic material, which is what would be in the water if the sand media tank 
failed. Also, if large amounts of sand or large diameter solids are present in the water, a 
pre-filtration may also be required (Burt and Styles, 2011). Finally, the tanks needed for 
sand media tanks are typically large and require a large footprint. 
 
 
 
Figure 5. Tubular filter in the field (Burt and Styles, 2011) 
 
Another common filter used for microsystems with smaller flowrates is disc filters. Disc 
filters operate by forcing the dirty water through a tightly vertically stacked set of discs. 
The discs filter out the particles that would plug up the system. Most of the filters also 
employ an automatic backflush, with the water going backwards through the discs, 
pushing them apart and flushing material out of the system. Disc filters, seen in Figure 6, 
have several advantages over media tanks, including a smaller footprint, less water used 
for backflushing, and it eliminates the risk of sand media ending up in the irrigation 
system. However, disc filters can have problems with large amounts of sand and gravel. 
During backflush cycles, sand and gravel can get stuck between the discs, ruining 
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filtering capabilities. For this reason, pre-filtration is critical for disc filters. Also, disc 
filters operate at high pressures and can cause injury or death if improperly opened or 
handled. 
 
 
Figure 6. Sketch showing how disc filters work (Burt and Styles, 2011) 
 
Pipeline Protection 
 
Pipeline protection in irrigation systems serves two purposes: one, to protect a farmer’s 
investment from failing and causing costly repairs, and two, to protect workers from 
deadly equipment failures. This protection is especially important in irrigation systems 
like drip and micro-irrigation where pressures can range from 20-40 psi. The biggest 
concern for farmers and irrigation designers when it comes to pipeline protection is water 
hammer. Water hammer is where the pressure in a pipeline spikes due to a sudden change 
in water velocity in the pipeline (Burt, 1995). Water hammer not only causes the pressure 
to spike, but the sudden shutoff of water can also cause a vacuum. To prevent this 
problem, pipeline protection has to be installed. Large acting relief valves (LAVs) are 
designed to let large amounts of air in and out of a pipeline, prevent vacuums and water 
hammer. Continuous acting air release valves (CAVs) allow entrained air to exit the 
pipeline. These air valves are designed for small releases of air. Examples of CAVs and 
LAVs are shown in Figure 7. 
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Figure 7. An example of different LAVs and CAVs (Netafim, 2016) 
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PROCEDURES 
 
 
Constraints 
 
The drip design starts by selecting different system and field constraints. The crop 
spacing and field size, chosen by the farmer, was 16 feet by 22 feet and 1800 feet by 
2400 feet, respectively. The pressure available at the turnout was assumed to be zero 
because many of the irrigation events will be serviced through surface deliveries. The 
irrigation hours will be 15 hours a day and six days a week.  15 hours a day allows the 
farmer to irrigate off peak. By only irrigating six days a week, this allows the farmer and 
the irrigators to take at least one day off a week. The spacing between the lines was 
designed to be five feet because a slightly larger spacing than normal was needed to 
achieve the desired wetted area. Checking the wetting area using AutoCAD shows that 
the emitters provide a wetted area that is slightly larger than the required 60%. The 
minimum DU that this system will be designed to is .93. To allow the farmer to choose 
between using the Netafim DripNet PC and RainBird A5 emitters, only flow rates that 
are common between the two will be examined. Only common spacing’s will be used as 
well. A snaking of 2.5% was assumed because of the high temperatures seen in the area. 
 
Emitter Selection 
 
After the constraints, flow rate per emitter was selected. This is chosen by first finding 
the daily peak ET rate. This is used to find the flow rate needed for each tree. The DU 
used for this is actually less than the design DU to make sure the orchard still receives 
enough water when the system deteriorates. Since PC emitters were utilized for the 
design, the emitter flow rate could not be matched to the needed flowrate by changing the 
pressure. The emitter spacing, number of sets, and operation hours all had to be changed 
to match the needed GPH per emitter to the flowrates available. The largest emitter 
spacing is checked first because this would be the cheapest option. The emitter spacing is 
then decreased, which decreases the needed GPH per emitter. Increasing the number of 
sets increases the needed GPH per emitter. To match the needed GPH per emitter exactly 
to the various emitter flow rates available, the operation hours had to also be decreased 
slightly. 
 
Manifold Design 
 
Next, the manifolds are located using the manifold location program. The manifold 
location program tells the designer the optimum location for the manifolds in the field 
using the slope and system criteria. For this system, the one, two, and three manifolds 
were examined. The manifold location program also assists the designer with choosing 
the right drip hose inside diameter. This is because the program also tells the designer the 
inlet pressure to the hoses and the minimum pressure in the hoses due to the friction loses 
in the hose. Two different hose diameters were selected so that a cost analysis could be 
performed to make sure the more cost effective option was recommended to the grower.  
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Next, the manifold was sized. The manifold sizing was done for both hose sizes since it 
came before the cost analysis. In this design, the manifold and mainline were the same. 
For this project, this pipeline will be referred to as the manifold. The manifold exits the 
pumping and filtration system and angles east and follows the canal. While following the 
canal, it services an increasing amount of trees per row, with the drip lines running north. 
When the manifold reaches the 52nd or 48th row of trees (depending on the hose size), it 
then turns east, now serving trees north and south of the manifold. The manifold then 
continues to run east until it reaches the end of the field. To size the manifold, the 
designer decided to design based off of maximum and minimum inlet pressure. The 
maximum inlet pressure that the design was based off was 30 psi. 30 psi was chosen as 
the maximum because at higher pressures, PC drip emitters tend to perform less 
consistently, negatively affecting the overall DU (Burt and Feist, 2013a). The minimum 
pressure was the lowest inlet pressure that would still have a minimum emitter pressure 
above 7 psi. To find the lowest inlet pressure allowed, the manifold program was used in 
an iterative manner. By inputting different inlet pressures, the manifold program provides 
the minimum emitter pressure. The inlet pressures are then continuously changed until 
the lowest inlet pressure that provides a minimum of 7.2 psi at the emitters is found. The 
minimum emitter pressure had to be above the manufactures required 7 psi for proper PC 
performance and then an extra 0.2 psi was added as a “safety factor”. The manifold was 
then sized using economics. In this system, the manifold was designed by assuming that 
the pumping costs and pipe costs are balanced at a maximum velocity of 5 feet per 
second. This velocity was also used because it is commonly considered the fastest 
velocity that is relatively safe in an irrigation system. Also, the smallest pipe used had to 
be equal to or greater than ½ the size of the largest pipe. 
 
Cost Analysis 
 
The cost analysis for the 0.62-inch and 0.69-inch was done by adding up the cost of pipe, 
pumping, and hoses and projecting those costs out to 10 years in the future. The pipe cost 
was calculated by using an assumed cost of $2.65/pound of pipe, with this cost including 
pipe cost and labor. Pumping costs were calculated by finding the total dynamic head, or 
the amount of pressure the pump has to provide. The total dynamic head, along with the 
flowrate, determined the amount it would cost to run the system per year. The extra cost 
associated with using the 0.69” hose was also taken into consideration. To extend these 
costs out to 10 years into the future, a 10% interest rate was used. 10 years was used as 
the time frame because this was the maximum length of time the grower wanted to see 
his investment in larger hose pay off if it in fact cost less than the smaller hose size. A 
10% interest rate was also used due to grower preference. The future cost of the system 
was then calculated using an interest calculator.  
 
Filtration System 
 
The filtration system was the last portion of the system that was designed. For the 
emitters chosen, Netafim requires a minimum of 80 mesh filtration, while RainBird 
requires 120 mesh. The grower wanted to use sand media tanks for the filtration system. 
The media tanks were sized for a moderately heavy dirt load. This is because the 
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irrigation system will be supplied by both surface and well deliveries, and surface 
deliveries have the capability of requiring extra filtration.  After selecting the tanks, their 
capacities were checked to ensure the tanks could handle the system flowrate plus the 
backflush flowrate. This total flowrate was also compared to the max flowrate to ensure 
that flowrate was not exceeded. Extra pressure loss was also added to the total dynamic 
head due to friction losses in the filtration system. An emergency screen filter was also 
recommended to provide emergency filtration in the case that one of the tanks failed and 
allowed sand and debris into the system.  
 
Leaching Requirement 
 
After the filtration system, the total leaching requirement was calculated to give the 
grower an idea of how much extra water should be put on the orchard to prevent salt 
build up. To find the leaching requirement, the water quality and almonds sensitivity 
level to salt was used. The total amount of gross irrigation water needed per year is then 
found using the leaching requirement, ET, effective rainfall, and the irrigation efficiency. 
Using the leaching requirement percentage, the leaching requirement is then extracted 
from the total gross irrigation. 
 
Basic Irrigation Scheduling 
 
A basic irrigation scheduling calendar was also provided to the grower. This information 
can be used to roughly estimate when the trees will have to be irrigated throughout any 
given year. The irrigation scheduling takes into account the soil types present in the area 
and the estimated evapotranspiration. The dates were found by using a MAD of 40.00%, 
a AWHC of 1.75 inches per foot and an estimated root zone depth of 5 feet. By using this 
information and the ET of every month, estimated irrigation dates could be found. The 
operation hours per week for every month are also provided. This was found using the ET 
for every month, divided by the application rate, divided by an estimated 4.4 weeks per 
month. 
 
Pipeline Protection 
 
To protect the grower’s investment and workers, proper pipeline protection has to be 
installed. LAVs need to be placed downstream of any valves, at the entrance of the start 
of downhill sloping pipelines, high points, upstream of check valves and pipe ends, and 
every quarter mile. CAVs should be placed downstream of any place air entrainment can 
occur. They also need to be placed at least every quarter mile on a pipeline and at all high 
points. The vent sizing is based off of the pipe’s nominal diameter. By using the 
manufacture’s sizing tables and the pipe diameter, the actual vent size can be found.  
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RESULTS 
 
 
The irrigation system design for this approximately 60-acre field has a final maximum 
total dynamic head of 31.95 psi and a flow rate of 930.0 GPM. This TDH was found 
using the 0.69-inch hose and includes the pressure required to operate the media tanks 
when dirty, the pressure loss across the “emergency” screen filter, and an included 
“safety factor” to ensure there is enough pressure to overcome minor losses in the system. 
Table 1 shows the exact values used for the pressures. 
 
Table 1. Total Dynamic Head Calculation 
 
 
The flowrate was calculated using the flowrate delivered to the system, which is 740.0 
GPM, plus an assumed backflush flowrate of 190 GPM. This backflush flowrate is 
calculated using the filtration system design, which utilizes five 48-inch sand media tanks 
using #20 Round Monterey Sand as the media. This system provides 120-mesh filtration 
and can handle the entire flowrate, including backflush. The system is also designed to 
use an emergency screen filter. This maximum flowrate will increase or decrease 
depending on the actual filters used.  
 
The emitter used for this design was a 0.61 GPH emitter, with a spacing of 36 inches 
between emitters and one irrigation set for the entire field. With this emitter spacing, 
there is about 10.67 emitters per tree. To make sure the needed GPH matched the emitter 
flowrate, the operational hours for this system was changed to 87.2 hours a week during 
the peak ET month (assuming 31 days per month) and 14.5 hours required per day for a 
6-day work week. Using the hours of operation, the application rate was calculated to be 
0.027 inches per hour. This was assuming an irrigation efficiency of 93%; an efficiency 
the system should be capable of.  
 
Only one manifold was used for this design. This manifold used three through six inch 
IPS PVC pipe. After designing manifolds for both 0.62-inch and 0.69-inch hose, it was 
found through cost analysis that the 0.69-inch hose would be the cheapest over a 10-year 
time frame. The cost analysis calculation is shown below. Using the 0.69-inch hose, the 
total system cost in 10-years, including pumping costs and increased cost for the larger 
hose diameter, was $171,892.03. 
 
 
 
TDH required of the Pump
Pressure required at pump outlet= 18.447 psi
Media filter loss when dirty= 7 psi
Emergency screen loss= 0.5 psi
Assumed Minor losses= 6 psi
Pump Inlet pressure= 0.00
TDH= 31.947 psi
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Table 2. Cost Analysis Calculation 
 
 
.69" Cost Analysis
Total Cost of Pipe: $19,041.71
Pumping Power Cost:
10% (Grower decision)
0.2 $/hw-hr (PG&E website for off peak use)
0 (Assume)
10 years (Grower decision)
Pumping Plant Eff.: 62% (From Pumps book for good 15hp motor)
Area/Tree 352 ft^2 (Calculated)
Irrig. Eff: 93% (Assumed)
4 in (Assumed for area)
Annual ET 48.700 in
Peak ET: 9.74 in/31days
0 psi (Assumed)
383.71 hrs/month(Calculated)
Application rate peak ET month
0.0273 in/hr
Hours of operation per year
1760.99 hrs/yr
WHP/psi, IHP/psi, and $/psi
GPM: 930.0
TDH required of the Pump
TDH= 31.947 psi
WHP/psi= 0.5425084
IHP/psi= 0.8750135
$/psi*yr= $229.90 or $99.52 per ft-yr
Cost/yr= $7,344.72
Increased cost for installation of larger hose: 2100
Total est. system cost in 10 years $171,892.03
Interest rate:
Energy cost:
Energy cost increase
Life of investment:
Effect. Precip:
Pressure available:
Hours of operation during Peak ET month:
𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 𝐸𝑇 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 − 𝐸𝑓𝑓. 𝑃𝑟𝑒𝑐𝑖𝑝.𝐼𝐸  
𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝐿𝑎𝑡𝑒
𝑊𝐻𝑃
𝑝𝑠𝑖
= 𝐺𝑃𝑀 𝑟𝑒𝑞.∗ 1𝑝𝑠𝑖 ∗ 2.31 3960 𝐼𝐻𝑃𝑝𝑠𝑖 = 𝑊𝐻𝑃𝑝𝑠𝑖 ∗ 𝐸𝑖 ∗ 𝐸𝑚$
𝑝𝑠𝑖 ∗ 𝑦𝑟
= 𝐼𝐻𝑃
𝑝𝑠𝑖
∗
.746 𝑘𝑤
ℎ𝑝
∗
𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑟𝑠
𝑦𝑟
∗
$0.20
𝑘𝑤 −ℎ𝑟
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The leaching requirement was calculated to be 16.58% of the total water applied each 
year. The gross inches applied each year was then found to be 58.8 inches, with a total 
leaching requirement of 9.74 inches. Table 3 shows the inputs for this calculation 
 
Table 3. Leaching Requirement Calculation 
 
 
A table summarizing the irrigation scheduling is shown below. 
 
Table 4. Irrigation Scheduling Summary 
 
 
For this design, a 1” Netafim Combination Air Vent is recommended for pipeline 
protection. This combination air vent will act as both a LAV and CAV. To provide 
proper protection, four air vents will be used, one at the start of the manifold, one at the 
end, and two spaced evenly between those two. The spacing between the four will be 
approximately 868 feet. Four was used because the pressure and velocity in this pipeline 
Leaching Requirement
Water Quality (dS/m): 1.06666667 (average)
Effective rainfall (in): 4
Irrigation Eff.: 93%
ET (in): 48.7
Ecmax (dS/m): 1.5
Leaching Requirement: 16.58%
Gross Inches/year: 58.77 in
Leaching Requirement: 9.74 in
𝐿𝐿 = 𝐸𝐶𝑤5 ∗ 𝐸𝐶𝑒 −𝐸𝐶𝑤 𝐿𝐿: 𝑖𝑛𝑐ℎ𝑒𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑛𝑒𝑒𝑑𝑒𝑑 𝑓𝑜𝑟 𝑙𝑒𝑎𝑐ℎ𝑖𝑛𝑔𝑖𝑛𝑐ℎ𝑒𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑝𝑝𝑙𝑖𝑒𝑑
𝐺𝑟𝑜𝑠𝑠 𝐴𝑝𝑝𝑙𝑖𝑒𝑑 = 𝐸𝑇𝐼𝐸100 ∗ 1 −𝐿𝐿
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is fairly high and could cause major damage and/or injuries if a problem was to occur. 
Furthermore, combination air vents do not perform as well as LAVs and CAVs by 
themselves, so the extra air vent should provide a satisfactory safety factor. 
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DISCUSSION 
 
 
This design was aimed at reducing installation and operation costs while still allowing for 
grower flexibility. To provide the grower some flexibility with the final design decision, 
the design was created so that either Rain Bird A5 or Netafim DripNet emitters could be 
used. This is because both emitters have very similar theoretical performance values and 
allows the grower to choose which emitters to use by weighing cost differences and 
company preferences.  
 
One set and one manifold was used for the design because it cuts down the amount of 
pipe and labor needed to operate the system. Since the field is a triangular shape, it would 
have been a waste to use two manifolds. Two manifolds would have provided the benefit 
of less pressure loss at the long end of the field, but would have had almost no pressure 
loss on the short end. This would have made the second manifold for over half of the 
field impractical. By using one manifold, it provided moderate pressure loss at the far end 
of the field, but lower and lower pressure losses as the field became smaller. One set was 
used because when looking at using two sets, the flow rate per emitter became much 
higher. Not only did this prevent both Rain Bird A5 and Netafim DripNet emitters from 
being considered, according to the ITRC study, higher flow rate emitters have a higher 
CV and have actual flowrates that are considerably different then the advertised value. 
 
To lower yearly pumping costs, the manifold was optimized to minimize the pump outlet 
pressure. To do this, a maximum velocity of 5 feet per second was used. Since the highest 
inlet pressure in the system was the last inlet due to the elevation pressure gain, using a 
higher maximum velocity actually would allow for a lower pressure throughout the 
system, reducing costs. To make sure the system used the lowest pressure as possible, 
goal seek was used to find the lowest pressure that could be used while making sure that 
every emitter received at least 7 psi. 
 
For the whole design, the worst case scenario was always used. This was an important 
consideration because of the possible use of either well water or surface delivery water. 
For most cases, the limiting factor was the well water. The well water in the area has a 
lower quality than the surface water and has a limit on the maximum flowrate it can 
supply. The surface delivery water affected the filtration design however. Since both 
types of water could be used at any time, the media tanks were designed to handle a 
moderately heavy dirt load. This ensures that the media tanks should be designed with a 
significant safety factor in most operational conditions. 
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RECOMMENDATIONS 
 
 
To prevent plugging and debris build up in the system, the grower should flush the 
system regularly. The mainline will need to have a flushing valve at the end of the field to 
allow flushing of the entire mainline. Both the mainline and the individual hoses should 
be flushed every couple weeks to ensure that the system operates properly. 
 
To prevent salt build up, the grower will need to apply enough water to cover the 
leaching requirement every year. This leaching requirement does not have to be applied 
at a specific time, and can be applied when the trees are dormant or during a pre-
irrigation event. In this case, since the worst case scenario for water quality was used, the 
leaching requirement was fairly high. Most likely, the actual leaching requirement would 
be somewhat less. This leaching requirement was also calculated to prevent any yield loss 
due to excess salts. 
 
It is recommended that the farmer also install an emergency backup filter is installed after 
the filtration system. This backup filter will provide protection against sand entering the 
system if one of the media tanks fail. If one of the media tanks failed without a backup 
filter, sand could plug up the emitters and ruin the entire system. 
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Major Design Experience 
 
The project must incorporate a major design experience. Design is the process of devising 
a system, component, or process to meet specific needs. The Design Process typically 
includes the following fundamental elements. Explain how this project will address these 
issues. 
 
Establishment of objective and criteria 
 
Project objectives and criteria are established to meet the needs and expectations of 
Soares Farms. See “Design Parameters and Constraints” section below for specific 
objectives and criteria for the project. 
 
Synthesis and analysis 
 
The project used ET, soil, and water analysis, friction flow, and well calculations, and 
will consider several different drip and component options. 
 
Construction, testing, and evaluation 
 
There will be no construction or testing. The final design will be evaluated using 
theoretical calculations, the grower’s personal standards, and an example design from the 
irrigation company. 
 
Incorporation of applicable engineering standards 
 
The design will use standards for drip irrigation systems as set by Burt and Styles 
Drip/Micro Design. Industry standards will be used and followed for installing air release 
valves, sand media tanks, and pumps. 
 
Capstone Design Experience 
 
The engineering design project must be based on the knowledge and skills acquired in 
earlier coursework (Major, Support, and/or GE courses). This project incorporates 
knowledge/skills from these key courses: 
121 Soil Science, 133 Engineering Design Graphics, 239 Engineering Surveying. 151 
AutoCAD, 236 Principles of Irrigation, 312 Hydraulics, 331 Irrigation Theory, 414 
Irrigation Engineering, 532 Water Wells and Pumps, and 533 Irrigation Project Design 
 
Design Parameters 
 
The project should address a significant number of the categories of constraints listed 
below. 
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Physical 
 
The size and shape of the field are set. The spacing and type of crop (almonds) has been 
set. The location of the irrigation takeout, possible well location and pumping station is 
fixed. Some considerations the design has to address include building the system to fit the 
triangular sized field and handling both canal and well water. 
 
Economic 
 
The installation and system cost has to be minimized while not compromising reliability, 
operational flexibility, or distribution uniformity. Operational cost and water use has to 
be minimized. 
 
Environmental 
 
A well designed and operated system should eliminate irrigation runoff and minimize 
deep percolation. This will minimize negative water quality impacts for both surface and 
groundwater resources. 
 
Sustainability 
 
A well designed and operated irrigation project utilizing drip irrigation will provide a tool 
for a grower to increase yield with less applied water when compared to other irrigation 
systems. With increasing population and a greater scrutiny of water use in California, 
these types of tools and systems are essential for improving the sustainability of 
agriculture in California and supporting the human population. 
 
Manufacturability 
 
The design will be for a specific orchard and grower criteria; however, the design can be 
changed to fit similar situations easily. 
 
Health and Safety 
 
The project will recommend safe installation and operational guidelines. The system will 
use pipeline protection to prevent injure and/or death from pipeline failure due to water 
hammer and/or high pressure. 
 
Ethical 
 
The project will be ethical by utilizing surface water when available and well water only 
when needed, reducing groundwater depletion. 
 
Social 
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This project will only use well water when necessary, reducing drawdown that would 
negatively affect nearby land owners. It will also sustainable produce food for society. 
 
Political 
 
This irrigation system, if operated correctly, will reduce runoff and deep percolation. By 
reducing runoff and deep percolation, it will minimize negative water quality impacts and 
meet water quality regulations. Furthermore, the system will meet a certain distribution 
uniformity value and will employ accurate flow measurement. Accurate flow 
measurement is required by SBx7-7. By utilizing both surface and well water, the system 
will reduce the amount of groundwater utilized by the system, helping local areas meet 
groundwater regulations. 
 
Aesthetic 
 
The system will be designed in a way that is aesthetically pleasing with a well-designed 
and organized filtration area and well pump, underground pipelines, and similar-looking 
components. 
 
Other 
 
N/A 
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Irrigation Design
Field Constraints:
Crop: Almonds
Location: Los Banos, Ca, Etc Zone 15
Crop Spacing: 16 ft by 22 ft
Field Size: 1800 ft by 2400 ft
113 trees/row (max) 110 Tree rows
Note: Every row will have a different number of trees due to the shape of the field
No Cover Crop
Slope: 1.50% between rows (WE) an 1.50% downs the rows (NS)
Peak ET Rate: 9.74 in/31days
Annual ET Rate: 48.7 in/yr
Clay Loam Soil
Pressure at TO: 0 ft or 0.00 psi
Max Q: 500 GPM
Farmer will irrigate: 15 hrs/day and 6 days/wk
Dual-Line drip design
Spacing Between Lines: 5 ft
Wetted area needed: 60% or 211.2 ft
The amount of lateral movement is 4.5 feet radius from the emitter. 
Wetted area provided (found using AutoCA 61.6% or 216.8307 OK
Manufacturing cv: 0.03
Minimum DU: 0.93
Ignore unequal drainage
Assume Snaking of 2.50% This a good assumption because it is a little higher  
then the typical 2% due to the high temperatures seen in this area
Determine daily peak ET rate
Daily Peak ET rate= 0.314 in/day
Estimate GPH/tree needed
GPM (net)= (Inches*Plant spacing area)/(96.3*hours)
Max hours of operation/week: 90
Peak Weekly ET rate: 2.199 in/week
GPM/tree: 0.089 (net)
GPH/tree: 5.359 (net)
GPH/tree (gross)= Net/DU
For this, assume a DU of 0.85 so that the system will provide enough 
Water is available in the high NW corner of the field. The water is a combination of well 
and surface water. 
Use flowrates that are available with Netafim DripNet PC and Rain Bird A5 emitters. 
Use only common spacing.
water even after it starts to deteriorate. The ET value should've already been adjusted 
to include evaporation losses
This is a good estimate because it is more than the amounts given for the loam soil, but 
less than a heavy clay.
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GPH/tree= 6.305 (gross) if irrigated 90 hrs/wk
` Use a 48 in emitter spacing since that’s the least amount of emitters
 and should be the cheapest option.
Emitters per tree for dual line drip and 16' tree spacing 8
# of sets 0.42 0.53 0.61
1
2
3
4
5
6
The needed GPH is too high, so there needs to be more emitters per tree. 
Use a 42 in emitter spacing since that’s the second least amount of 
emitters and should be the cheapest option.
Emitters per tree for dual line drip and 16' tree spacing 9.1428571
# of sets 0.42 0.53 0.61
1
2
3
4
5
6
The needed GPH is too high, so there needs to be more emitters per tree. 
Use a 36 in emitter spacing since that’s the next smallest spacing
 and should be the cheapest option.
Emitters per tree for dual line drip and 16' tree spacing 10.666667
1.379
2.069
0.690
Needed GPH/Emitter
Since emitters are PC, they emit the same flowrate over a large range of pressures. Therefore, the 
needed GPH/emitter has to match the flowrates available for the emitters.
0.788
Since emitters are PC, they emit the same flowrate over a large range of pressures. Therefore, the 
needed GPH/emitter has to match the flowrates available for the emitters.
Flowrates Available
Required Pressure for various Emitters
Since emitters are PC, they emit the same flowrate over a large range of pressures. Therefore, the 
needed GPH/emitter has to match the flowrates available for the emitters.
Needed GPH/Emitter
1.576
2.364
3.153
3.941
4.729
2.759
3.448
4.138
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# of sets 0.42 0.53 0.61
1
2
3
4
5
6
The 0.61 GPH emitter will work at a 36 inch spacing with 1 set. To match the needed GPH and the emitter
GPH, goal seek will be used to adjust the needed operation hours.
Operation Hours for 1 set, 36 inch spacing, and 0.61 GPH : 87.207639
New hours/day: 14.53461
Summary this far
1 sets 
0.610 GPH/emitter
7.200 emitter minimum pressure (psi)
10.67 emitters/tree
3 feet between emitters 
0.03 manufacturing cv
0.61 GPH emitter
Locate position of manifolds using manifold location program (assume PR each emitter)
Minimum Allowable System DU=Manifold DU * Single Hose DU
Required new system DU= 0.93
6 300
1800
1800
1800
1800
Try 1, 2, and 3 manifolds. With 1 manifolds, the longest manifold will serve 113 trees. With 2 
manifolds, this manifold will serve 56-57 trees, so design for 57 trees. With 3 manifolds, this 
manifolds will serve 37-38-38 trees, so design for 38 trees. 
1800
9002
Field Length (ft) Number of Manifolds Maximum Hose Length 
Required Pressure for various Emitters
Needed GPH/Emitter
0.591
1.182
1.773
2.364
2.956
3.547
1800 1 1800
5
600
450
360
3
4
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Hose Program Inputs (1 manifolds)
Length of Hose= 1800
Water temp= 70 degrees F (assumed)
Spacing= 36 inches
Nominal flow rate= 0.61
Desired Flow rate= 0.610
n= 10.67
Slope= 1.50%
Snaking Length 2.50%
Emitter cv= 0.03
Hose Program Inputs (2 manifolds)
Length of Hose= 900
Water temp= 70 degrees F (assumed)
Spacing= 36 inches
Nominal flow rate= 0.61
Desired Flow rate= 0.61
n= 10.67
Slope= 1.50%
Snaking Length 2.50%
Emitter cv= 0.03
Hose Program Inputs (3 manifolds)
Length of Hose= 600
Water temp= 70 degrees F (assumed)
Spacing= 36 inches
Nominal flow rate= 0.61
Desired Flow rate= 0.61
n= 10.66667
Slope= 1.50%
Snaking Length 2.50%
Emitter cv= 0.03
Hose ID 
(in)
Uphill 
Length 
(ft)
Downhill 
Length 
(ft)
Inlet P 
(psi)
0.54 954 846 35
0.62 810 990 29.75
0.69 756 1040 23.5
Manifold Placement (1 manifolds)
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Hose ID 
(in)
Uphill 
Length 
(ft)
Downhill 
Length 
(ft)
Inlet P 
(psi)
0.54 378 522 12.7
0.62 324 576 10.9
0.69 243 653 10
Hose ID 
(in)
Uphill 
Length 
(ft)
Downhill 
Length 
(ft)
Inlet P 
(psi)
0.54 210 390 10.2
0.62 138 462 9.5
0.69 138 462 9.5
Max. Inlet Pressure: 30 psi
Min. Inlet Pressure: 24.2 psi
Allow. Manifold Change in Pressure: 5.8 psi
Manifold Placement (2 manifolds)
Manifold Placement (3 manifolds)
Try 1 manifold with a hose ID of .62" and .69". 1 manifold is the cheapest option, easiest to manage, and if a 
hose ID of .62" can work, than the farmer will save money compared to using the .69" ID hose. However, the 
pressure supplied to the system will be greater, increasing system operating costs. A simple cost analysis will 
be done after manifold sizing to analyze the difference in costs between .62" and .69". The range of pressure 
using this hose is also acceptable. The analysis for .62" will be done first. Trees downhill the manifold would 
be 990/16=61.9 trees. The manifold has to be located between two trees, so have 61 trees downhill of the 
manifold and 52 uphill with the manifold serving 113 trees total. The first step in sizing the manifold is finding 
the maximum allowed inlet pressure and the minimum inlet pressure. Since the system is a PC system, the 
change in pressure doesn’t affect flow rate, so the design will be based off of allowing the inlet pressures to 
be between the maximum and minimum inlet pressures found. The maximum inlet pressure was chosen to 
be 30 psi because a study be ITRC showed that PC emitters performed more consistently at pressure closer to 
the minimum allowed pressure, which in this case is 7 psi. The minimum inlet pressure was chosen using the 
manifold program and guess and check. By inputting an arbitrary inlet pressure into the manifold program, it 
will provide the minimum emitter pressure. By continuing to change the inlet pressure, the user can find what 
the minimum inlet pressure can be to provide at least a minimum pressure to the emitters. For this design, 
the minimum inlet pressure was found by using a minimum emitter pressure of 7.2 psi, which provided a 
small “safety factor.  Finally, the manifold itself was sized to ensure that the maximum velocity never 
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Now, size manifold using the maximum velocity
5 fps max V
Nom. Dia ID (in) PR Type H-W "C" Pounds/Ft Total Cost Area Max GPM
1.5 1.720 200 IPS 145 0.336 $0.00 2.3235219 36.14367
2 2.193 160 IPS 146 0.429 $0.00 3.7771753 58.75606
2.5 2.655 160 IPS 147 0.628 $0.00 5.5362913 86.12009
3 3.284 125 IPS 148 0.753 $965.80 8.470249 131.7594
4 4.280 100 IPS 149 0.993 $1,273.62 14.387238 223.8015
5 5.291 100 IPS 150 1.518 $4,325.76 21.986971 342.0195
6 6.301 100 IPS 150 2.153 $3,192.55 31.18235 485.0588
8 8.205 100 IPS 150 3.633 $0.00 52.874595 822.4937
10 10.226 100 IPS 150 5.650 $0.00 82.129931 1277.577
12 12.128 100 IPS 150 7.954 $0.00 115.52295 1797.024
15 14.550 100 PIP 150 11.746 $0.00 166.27075 2586.434
18 17.725 100 PIP 150 17.800 $0.00 246.75296 3838.379
21 20.900 100 PIP 150 24.700 $0.00 343.06977 5336.641
24 23.510 100 PIP 150 31.300 $0.00 434.10535 6752.75
Outlet
Point P 
(psi)
Emitters 
per row
Point Q 
(GPM)
u/s seg Q 
(GPM)
Pipe ID 
(in)
Segment 
Length (ft)
Segment 
Hf (psi)
Change in 
Elev. (psi)
Change P. 
(psi)
1 29.750 599.544 6.095 6.095 3.284 22.00 0.001 -0.143 -0.142
2 29.608 594.533 6.044 12.140 3.284 22.00 0.003 -0.143 -0.140
3 29.468 589.522 5.993 18.133 3.284 22.00 0.006 -0.143 -0.137
4 29.331 584.511 5.943 24.076 3.284 22.00 0.011 -0.143 -0.132
5 29.199 579.500 5.892 29.967 3.284 22.00 0.016 -0.143 -0.127
6 29.072 574.489 5.841 35.808 3.284 22.00 0.022 -0.143 -0.121
7 28.951 569.478 5.790 41.598 3.284 22.00 0.029 -0.143 -0.114
8 28.838 564.467 5.739 47.336 3.284 22.00 0.037 -0.143 -0.106
9 28.732 559.456 5.688 53.024 3.284 22.00 0.046 -0.143 -0.097
10 28.635 554.444 5.637 58.661 3.284 22.00 0.055 -0.143 -0.088
11 28.547 549.433 5.586 64.247 3.284 22.00 0.065 -0.143 -0.078
12 28.469 544.422 5.535 69.782 3.284 22.00 0.076 -0.143 -0.067
13 28.402 539.411 5.484 75.266 3.284 22.00 0.087 -0.143 -0.056
14 28.347 534.400 5.433 80.699 3.284 22.00 0.099 -0.143 -0.043
Common Pipe Sizes for drip/micro designs (Assume pipe costs $2.65/lb)
This design utilizes a manifold that serves as both the manifold and mainline. The total length of the manifold 
is 2599 feet. On the first segment (the straight section through the field), the manifold services 65 rows of 
trees. It then angles north and follows the canal. On this segment, the manifold services the remaining rows, 
serving a row every 27.5 feet for 1149 feet. The manifold then enters the pumping station.
𝐻𝑓(𝑝𝑠𝑖) = 10.5 ∗ 𝐺𝑃𝑀𝐶 1.852  ∗ 𝐿 ∗ 𝐼𝐷−4.872.31
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15 28.303 529.389 5.382 86.081 3.284 22.00 0.112 -0.143 -0.031
16 28.272 524.378 5.331 91.412 3.284 22.00 0.125 -0.143 -0.018
17 28.255 519.367 5.280 96.693 3.284 22.00 0.139 -0.143 -0.004
18 28.251 514.356 5.229 101.922 3.284 22.00 0.153 -0.143 0.010
19 28.261 509.344 5.178 107.100 3.284 22.00 0.168 -0.143 0.025
20 28.286 504.333 5.127 112.228 3.284 22.00 0.183 -0.143 0.040
21 28.326 499.322 5.076 117.304 3.284 22.00 0.199 -0.143 0.056
22 28.382 494.311 5.025 122.330 3.284 22.00 0.215 -0.143 0.072
23 28.454 489.300 4.975 127.304 3.284 22.00 0.231 -0.143 0.088
24 28.542 484.289 4.924 132.228 4.280 22.00 0.067 -0.143 -0.075
25 28.467 479.278 4.873 137.100 4.280 22.00 0.072 -0.143 -0.071
26 28.396 474.267 4.822 141.922 4.280 22.00 0.077 -0.143 -0.066
27 28.330 469.256 4.771 146.693 4.280 22.00 0.082 -0.143 -0.061
28 28.269 464.244 4.720 151.413 4.280 22.00 0.087 -0.143 -0.056
29 28.213 459.233 4.669 156.081 4.280 22.00 0.092 -0.143 -0.051
30 28.162 454.222 4.618 160.699 4.280 22.00 0.097 -0.143 -0.046
31 28.115 449.211 4.567 165.266 4.280 22.00 0.102 -0.143 -0.041
32 28.075 444.200 4.516 169.782 4.280 22.00 0.107 -0.143 -0.036
33 28.039 439.189 4.465 174.248 4.280 22.00 0.112 -0.143 -0.030
34 28.008 434.178 4.414 178.662 4.280 22.00 0.118 -0.143 -0.025
35 27.983 429.167 4.363 183.025 4.280 22.00 0.123 -0.143 -0.020
36 27.963 424.156 4.312 187.337 4.280 22.00 0.129 -0.143 -0.014
37 27.949 419.144 4.261 191.598 4.280 22.00 0.134 -0.143 -0.009
38 27.940 414.133 4.210 195.809 4.280 22.00 0.140 -0.143 -0.003
39 27.937 409.122 4.159 199.968 4.280 22.00 0.145 -0.143 0.002
40 27.939 404.111 4.108 204.077 4.280 22.00 0.151 -0.143 0.008
41 27.947 399.100 4.058 208.134 4.280 22.00 0.156 -0.143 0.013
42 27.960 394.089 4.007 212.141 4.280 22.00 0.162 -0.143 0.019
43 27.979 389.078 3.956 216.096 4.280 22.00 0.167 -0.143 0.025
44 28.004 384.067 3.905 220.001 4.280 22.00 0.173 -0.143 0.030
45 28.034 379.056 3.854 223.855 4.280 22.00 0.179 -0.143 0.036
46 28.070 374.044 3.803 227.658 5.291 22.00 0.065 -0.143 -0.078
47 27.992 369.033 3.752 231.409 5.291 22.00 0.067 -0.143 -0.076
48 27.916 364.022 3.701 235.110 5.291 22.00 0.069 -0.143 -0.074
49 27.842 359.011 3.650 238.760 5.291 22.00 0.071 -0.143 -0.072
50 27.770 354.000 3.599 242.359 5.291 22.00 0.073 -0.143 -0.070
51 27.700 348.989 3.548 245.907 5.291 22.00 0.075 -0.143 -0.068
52 27.632 343.978 3.497 249.404 5.291 22.00 0.077 -0.143 -0.066
53 27.566 338.967 3.446 252.851 5.291 22.00 0.079 -0.143 -0.064
54 27.502 333.956 3.395 256.246 5.291 22.00 0.081 -0.143 -0.062
55 27.440 328.944 3.344 259.590 5.291 22.00 0.083 -0.143 -0.060
56 27.379 323.933 3.293 262.883 5.291 22.00 0.085 -0.143 -0.058
57 27.321 318.922 3.242 266.126 5.291 22.00 0.087 -0.143 -0.056
58 27.265 313.911 3.191 269.317 5.291 22.00 0.089 -0.143 -0.054
59 27.211 308.900 3.140 272.458 5.291 22.00 0.090 -0.143 -0.052
60 27.158 303.889 3.090 275.547 5.291 22.00 0.092 -0.143 -0.050
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61 27.108 298.878 3.039 278.586 5.291 22.00 0.094 -0.143 -0.049
62 27.059 293.867 2.988 281.573 5.291 22.00 0.096 -0.143 -0.047
63 27.012 288.856 2.937 284.510 5.291 22.00 0.098 -0.143 -0.045
64 26.968 283.844 2.886 287.396 5.291 22.00 0.100 -0.143 -0.043
65 26.925 278.833 2.835 290.231 5.291 22.00 0.102 -0.143 -0.041
66 26.883 273.822 2.784 293.015 5.291 22.48 0.163 -0.146 0.017
67 26.900 268.811 2.733 295.747 5.291 26.65 0.128 -0.173 -0.045
68 26.854 263.800 2.682 298.429 5.291 26.65 0.130 -0.173 -0.043
69 26.811 258.789 2.631 301.060 5.291 26.65 0.132 -0.173 -0.041
70 26.770 253.778 2.580 303.640 5.291 26.65 0.134 -0.173 -0.039
71 26.731 248.767 2.529 306.170 5.291 26.65 0.136 -0.173 -0.037
72 26.694 243.756 2.478 308.648 5.291 26.65 0.138 -0.173 -0.035
73 26.659 238.744 2.427 311.075 5.291 26.65 0.140 -0.173 -0.033
74 26.626 233.733 2.376 313.451 5.291 26.65 0.142 -0.173 -0.031
75 26.595 228.722 2.325 315.777 5.291 26.65 0.144 -0.173 -0.029
76 26.566 223.711 2.274 318.051 5.291 26.65 0.146 -0.173 -0.027
77 26.538 218.700 2.223 320.275 5.291 26.65 0.148 -0.173 -0.025
78 26.513 213.689 2.173 322.447 5.291 26.65 0.150 -0.173 -0.023
79 26.490 208.678 2.122 324.569 5.291 26.65 0.151 -0.173 -0.022
80 26.468 203.667 2.071 326.639 5.291 26.65 0.153 -0.173 -0.020
81 26.449 198.656 2.020 328.659 5.291 26.65 0.155 -0.173 -0.018
82 26.431 193.644 1.969 330.628 5.291 26.65 0.157 -0.173 -0.016
83 26.414 188.633 1.918 332.545 5.291 26.65 0.158 -0.173 -0.015
84 26.400 183.622 1.867 334.412 5.291 26.65 0.160 -0.173 -0.013
85 26.387 178.611 1.816 336.228 5.291 26.65 0.162 -0.173 -0.011
86 26.376 173.600 1.765 337.993 5.291 26.65 0.163 -0.173 -0.010
87 26.366 168.589 1.714 339.707 5.291 26.65 0.165 -0.173 -0.008
88 26.358 163.578 1.663 341.370 5.291 26.65 0.166 -0.173 -0.007
89 26.351 158.567 1.612 342.982 5.291 26.65 0.168 -0.173 -0.005
90 26.346 153.556 1.561 344.543 6.301 26.65 0.072 -0.173 -0.101
91 26.245 148.544 1.510 346.053 6.301 26.65 0.073 -0.173 -0.100
92 26.145 143.533 1.459 347.513 6.301 26.65 0.073 -0.173 -0.100
93 26.045 138.522 1.408 348.921 6.301 26.65 0.074 -0.173 -0.099
94 25.946 133.511 1.357 350.278 6.301 26.65 0.075 -0.173 -0.099
95 25.848 128.500 1.306 351.585 6.301 26.65 0.075 -0.173 -0.098
96 25.750 123.489 1.255 352.840 6.301 26.65 0.076 -0.173 -0.098
97 25.652 118.478 1.205 354.045 6.301 26.65 0.076 -0.173 -0.097
98 25.555 113.467 1.154 355.198 6.301 26.65 0.076 -0.173 -0.097
99 25.459 108.456 1.103 356.301 6.301 26.65 0.077 -0.173 -0.096
100 25.362 103.444 1.052 357.353 6.301 26.65 0.077 -0.173 -0.096
101 25.267 98.433 1.001 358.353 6.301 26.65 0.078 -0.173 -0.095
102 25.171 93.422 0.950 359.303 6.301 26.65 0.078 -0.173 -0.095
103 25.077 88.411 0.899 360.202 6.301 26.65 0.078 -0.173 -0.095
104 24.982 83.400 0.848 361.050 6.301 26.65 0.079 -0.173 -0.094
105 24.888 78.389 0.797 361.847 6.301 26.65 0.079 -0.173 -0.094
106 24.794 73.378 0.746 362.593 6.301 26.65 0.079 -0.173 -0.094
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107 24.700 68.367 0.695 363.288 6.301 26.65 0.080 -0.173 -0.093
108 24.607 63.356 0.644 363.932 6.301 26.65 0.080 -0.173 -0.093
109 24.514 58.344 0.593 364.525 6.301 26.65 0.080 -0.173 -0.093
110 24.421 53.333 0.542 365.067 6.301 26.65 0.080 -0.173 -0.093
Sys. Inlet 24.329
Pmax= 29.750 psi < Pmax Allowable: 30 psi YES
Pmin= 24.329 psi > Pmin Allowable: 24.200 psi YES
∆P= 5.421 psi
Pavg= 27.225 psi
.62" Cost Analysis
Total Cost of Pipe: $9,757.73
Pumping Power Cost:
10% (Grower decision)
0.2 $/hw-hr (PG&E website for off peak use)
0 (Assume)
10 years (Grower decision)
Pumping Plant Eff.: 57% (From Pumps book for good 15hp motor)
Area/Tree 352 ft^2 (Calculated)
Irrig. Eff: 93% (Assumed)
4 in (Assumed for area)
Annual ET 48.7 in
Peak ET: 9.74 in/31days
0 psi (Assumed)
383.71 hrs/month (Calculated)
Application rate peak ET month
0.03 in/hr
Hours of operation per year
1760.99 hrs/yr
WHP/psi, IHP/psi, and $/psi
Energy cost:
Energy cost increase:
Life of investment:
Interest rate:
Effect. Precip:
Pressure available:
Hours of operation during Peak ET month:
𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝐿𝑎𝑡𝑒 = 𝑃𝑒𝑎𝑘 𝐸𝑇𝐼𝐸
𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛
𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 𝐸𝑇 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 − 𝐸𝑓𝑓. 𝑃𝑟𝑒𝑐𝑖𝑝.𝐼𝐸  
𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝐿𝑎𝑡𝑒
𝑊𝐻𝑃
𝑝𝑠𝑖
= 𝐺𝑃𝑀 𝑟𝑒𝑞.∗ 1𝑝𝑠𝑖 ∗ 2.31 3960 𝐼𝐻𝑃𝑝𝑠𝑖 = 𝑊𝐻𝑃𝑝𝑠𝑖 ∗ 𝐸𝑖 ∗ 𝐸𝑚$
𝑝𝑠𝑖 ∗ 𝑦𝑟
= 𝐼𝐻𝑃
𝑝𝑠𝑖
∗
.746 𝑘𝑤
ℎ𝑝
∗
𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑟𝑠
𝑦𝑟
∗
$0.20
𝑘𝑤 −ℎ𝑟
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GPM: 475.1 (Including flow needed for filtration backflush)
TDH required of the Pump
Pressure required at pump outlet= 24.329 psi
Media filter loss when dirty= 7 psi
Emergency screen loss= 0.5 psi
Assumed Minor losses= 6 psi
Pump Inlet pressure= 0.00
TDH= 37.829 psi
WHP/psi= 0.28
IHP/psi= 0.49
$/psi*yr= $127.74 or $55.30 $/ft*yr
Cost/yr= $4,832.16
Total future system cost in 10yrs (found using interest calculator)$102,321.28
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.69" Analysis
Hose ID 
(in)
Uphill 
Length 
(ft)
Downhill 
Length 
(ft)
Inlet P 
(psi) DUlq
0.69 756 1040 18.8 0.98
Max. Inlet Pressure: 30 psi
Min. Inlet Pressure: 17.9
Allow. Manifold Change in Pressure: 12.1 psi
Now, size manifold using the allowable Change in P
5 fps max V
Nom. Dia ID (in) PR Type H-W "C" Pounds/Ft Total Cost Area Max GPM
1.5 1.720 200 IPS 145 0.336 $0.00 2.3235219 36.14367
2 2.193 160 IPS 146 0.429 $0.00 3.7771753 58.75606
2.5 2.655 160 IPS 147 0.628 $0.00 5.5362913 86.12009
3 3.284 125 IPS 148 0.753 $1,009.70 8.470249 131.7594
4 4.280 100 IPS 149 0.993 $1,273.62 14.387238 223.8015
5 5.291 100 IPS 150 1.518 $4,246.20 21.986971 342.0195
6 6.301 100 IPS 150 2.153 $3,192.55 31.18235 485.0588
8 8.205 100 IPS 150 3.633 $0.00 52.874595 822.4937
10 10.226 100 IPS 150 5.650 $0.00 82.129931 1277.577
12 12.128 100 IPS 150 7.954 $0.00 115.52295 1797.024
15 14.550 100 PIP 150 11.746 $0.00 166.27075 2586.434
18 17.725 100 PIP 150 17.800 $0.00 246.75296 3838.379
21 20.900 100 PIP 150 24.700 $0.00 343.06977 5336.641
24 23.510 100 PIP 150 31.300 $0.00 434.10535 6752.75
Common Pipe Sizes for drip/micro designs (Assume pipe costs $2.65/lb)
This design utilizes a manifold that serves as both the manifold and mainline. The total length of the manifold 
is 2578.5 feet. On the first segment (the straight section through the field), the manifold services 71 rows of 
trees. It then angles north and follows the canal. On this segment, the manifold services the remaining rows, 
serving a row every 26.65 feet for 1035 feet. The manifold then enters the pumping station.
Trees downhill would be 1040/16=65 trees. The manifold has to be located between two trees, so 
have 65 trees downhill of the manifold and 48 uphill with the manifold serving 113 trees total.
0.95
Min. Allow Manifold 
DU
𝐻𝑓(𝑝𝑠𝑖) = 10.5 ∗ 𝐺𝑃𝑀𝐶 1.852  ∗ 𝐿 ∗ 𝐼𝐷−4.872.31
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Outlet
Point P 
(psi)
Emitters 
per row
Point Q 
(GPM)
u/s seg Q 
(GPM)
Pipe ID 
(in)
Segment 
Length (ft)
Segment 
Hf (psi)
Change in 
Elev. (psi)
Change P. 
(psi)
1 23.500 599.544 6.095 6.095 3.284 22.00 0.001 -0.143 -0.142
2 23.358 594.533 6.044 12.140 3.284 22.00 0.003 -0.143 -0.140
3 23.218 589.522 5.993 18.133 3.284 22.00 0.006 -0.143 -0.137
4 23.081 584.511 5.943 24.076 3.284 22.00 0.011 -0.143 -0.132
5 22.949 579.500 5.892 29.967 3.284 22.00 0.016 -0.143 -0.127
6 22.822 574.489 5.841 35.808 3.284 22.00 0.022 -0.143 -0.121
7 22.701 569.478 5.790 41.598 3.284 22.00 0.029 -0.143 -0.114
8 22.588 564.467 5.739 47.336 3.284 22.00 0.037 -0.143 -0.106
9 22.482 559.456 5.688 53.024 3.284 22.00 0.046 -0.143 -0.097
10 22.385 554.444 5.637 58.661 3.284 22.00 0.055 -0.143 -0.088
11 22.297 549.433 5.586 64.247 3.284 22.00 0.065 -0.143 -0.078
12 22.219 544.422 5.535 69.782 3.284 22.00 0.076 -0.143 -0.067
13 22.152 539.411 5.484 75.266 3.284 22.00 0.087 -0.143 -0.056
14 22.097 534.400 5.433 80.699 3.284 22.00 0.099 -0.143 -0.043
15 22.053 529.389 5.382 86.081 3.284 22.00 0.112 -0.143 -0.031
16 22.022 524.378 5.331 91.412 3.284 22.00 0.125 -0.143 -0.018
17 22.005 519.367 5.280 96.693 3.284 22.00 0.139 -0.143 -0.004
18 22.001 514.356 5.229 101.922 3.284 22.00 0.153 -0.143 0.010
19 22.011 509.344 5.178 107.100 3.284 22.00 0.168 -0.143 0.025
20 22.036 504.333 5.127 112.228 3.284 22.00 0.183 -0.143 0.040
21 22.076 499.322 5.076 117.304 3.284 22.00 0.199 -0.143 0.056
22 22.132 494.311 5.025 122.330 3.284 22.00 0.215 -0.143 0.072
23 22.204 489.300 4.975 127.304 3.284 22.00 0.231 -0.143 0.088
24 22.292 484.289 4.924 132.228 4.280 22.00 0.067 -0.143 -0.075
25 22.217 479.278 4.873 137.100 4.280 22.00 0.072 -0.143 -0.071
26 22.146 474.267 4.822 141.922 4.280 22.00 0.077 -0.143 -0.066
27 22.080 469.256 4.771 146.693 4.280 22.00 0.082 -0.143 -0.061
28 22.019 464.244 4.720 151.413 4.280 22.00 0.087 -0.143 -0.056
29 21.963 459.233 4.669 156.081 4.280 22.00 0.092 -0.143 -0.051
30 21.912 454.222 4.618 160.699 4.280 22.00 0.097 -0.143 -0.046
31 21.865 449.211 4.567 165.266 4.280 22.00 0.102 -0.143 -0.041
32 21.825 444.200 4.516 169.782 4.280 22.00 0.107 -0.143 -0.036
33 21.789 439.189 4.465 174.248 4.280 22.00 0.112 -0.143 -0.030
34 21.758 434.178 4.414 178.662 4.280 22.00 0.118 -0.143 -0.025
35 21.733 429.167 4.363 183.025 4.280 22.00 0.123 -0.143 -0.020
36 21.713 424.156 4.312 187.337 4.280 22.00 0.129 -0.143 -0.014
37 21.699 419.144 4.261 191.598 4.280 22.00 0.134 -0.143 -0.009
38 21.690 414.133 4.210 195.809 4.280 22.00 0.140 -0.143 -0.003
39 21.687 409.122 4.159 199.968 4.280 22.00 0.145 -0.143 0.002
40 21.689 404.111 4.108 204.077 4.280 22.00 0.151 -0.143 0.008
41 21.697 399.100 4.058 208.134 4.280 22.00 0.156 -0.143 0.013
42 21.710 394.089 4.007 212.141 4.280 22.00 0.162 -0.143 0.019
43 21.729 389.078 3.956 216.096 4.280 22.00 0.167 -0.143 0.025
44 21.754 384.067 3.905 220.001 4.280 22.00 0.173 -0.143 0.030
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45 21.784 379.056 3.854 223.855 4.280 22.00 0.179 -0.143 0.036
46 21.820 374.044 3.803 227.658 5.291 22.00 0.065 -0.143 -0.078
47 21.742 369.033 3.752 231.409 5.291 22.00 0.067 -0.143 -0.076
48 21.666 364.022 3.701 235.110 5.291 22.00 0.069 -0.143 -0.074
49 21.592 359.011 3.650 238.760 5.291 22.00 0.071 -0.143 -0.072
50 21.520 354.000 3.599 242.359 5.291 22.00 0.073 -0.143 -0.070
51 21.450 348.989 3.548 245.907 5.291 22.00 0.075 -0.143 -0.068
52 21.382 343.978 3.497 249.404 5.291 22.00 0.077 -0.143 -0.066
53 21.316 338.967 3.446 252.851 5.291 22.00 0.079 -0.143 -0.064
54 21.252 333.956 3.395 256.246 5.291 22.00 0.081 -0.143 -0.062
55 21.190 328.944 3.344 259.590 5.291 22.00 0.083 -0.143 -0.060
56 21.129 323.933 3.293 262.883 5.291 22.00 0.085 -0.143 -0.058
57 21.071 318.922 3.242 266.126 5.291 22.00 0.087 -0.143 -0.056
58 21.015 313.911 3.191 269.317 5.291 22.00 0.089 -0.143 -0.054
59 20.961 308.900 3.140 272.458 5.291 22.00 0.090 -0.143 -0.052
60 20.908 303.889 3.090 275.547 5.291 22.00 0.092 -0.143 -0.050
61 20.858 298.878 3.039 278.586 5.291 22.00 0.094 -0.143 -0.049
62 20.809 293.867 2.988 281.573 5.291 22.00 0.096 -0.143 -0.047
63 20.762 288.856 2.937 284.510 5.291 22.00 0.098 -0.143 -0.045
64 20.718 283.844 2.886 287.396 5.291 22.00 0.100 -0.143 -0.043
65 20.675 278.833 2.835 290.231 5.291 22.00 0.102 -0.143 -0.041
66 20.633 273.822 2.784 293.015 5.291 22.00 0.103 -0.143 -0.039
67 20.594 268.811 2.733 295.747 5.291 22.00 0.105 -0.143 -0.038
68 20.556 263.800 2.682 298.429 5.291 22.00 0.107 -0.143 -0.036
69 20.521 258.789 2.631 301.060 5.291 22.00 0.109 -0.143 -0.034
70 20.487 253.778 2.580 303.640 5.291 22.00 0.111 -0.143 -0.032
71 20.454 248.767 2.529 306.170 5.291 25.94 0.194 -0.168 0.026
72 20.480 243.756 2.478 308.648 5.291 26.65 0.138 -0.173 -0.035
73 20.445 238.744 2.427 311.075 5.291 26.65 0.140 -0.173 -0.033
74 20.412 233.733 2.376 313.451 5.291 26.65 0.142 -0.173 -0.031
75 20.381 228.722 2.325 315.777 5.291 26.65 0.144 -0.173 -0.029
76 20.352 223.711 2.274 318.051 5.291 26.65 0.146 -0.173 -0.027
77 20.325 218.700 2.223 320.275 5.291 26.65 0.148 -0.173 -0.025
78 20.300 213.689 2.173 322.447 5.291 26.65 0.150 -0.173 -0.023
79 20.276 208.678 2.122 324.569 5.291 26.65 0.151 -0.173 -0.022
80 20.255 203.667 2.071 326.639 5.291 26.65 0.153 -0.173 -0.020
81 20.235 198.656 2.020 328.659 5.291 26.65 0.155 -0.173 -0.018
82 20.217 193.644 1.969 330.628 5.291 26.65 0.157 -0.173 -0.016
83 20.201 188.633 1.918 332.545 5.291 26.65 0.158 -0.173 -0.015
84 20.186 183.622 1.867 334.412 5.291 26.65 0.160 -0.173 -0.013
85 20.173 178.611 1.816 336.228 5.291 26.65 0.162 -0.173 -0.011
86 20.162 173.600 1.765 337.993 5.291 26.65 0.163 -0.173 -0.010
87 20.152 168.589 1.714 339.707 5.291 26.65 0.165 -0.173 -0.008
88 20.144 163.578 1.663 341.370 5.291 26.65 0.166 -0.173 -0.007
89 20.138 158.567 1.612 342.982 5.291 26.65 0.168 -0.173 -0.005
90 20.132 153.556 1.561 344.543 6.301 26.65 0.072 -0.173 -0.101
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91 20.032 148.544 1.510 346.053 6.301 26.65 0.073 -0.173 -0.100
92 19.931 143.533 1.459 347.513 6.301 26.65 0.073 -0.173 -0.100
93 19.832 138.522 1.408 348.921 6.301 26.65 0.074 -0.173 -0.099
94 19.733 133.511 1.357 350.278 6.301 26.65 0.075 -0.173 -0.099
95 19.634 128.500 1.306 351.585 6.301 26.65 0.075 -0.173 -0.098
96 19.536 123.489 1.255 352.840 6.301 26.65 0.076 -0.173 -0.098
97 19.439 118.478 1.205 354.045 6.301 26.65 0.076 -0.173 -0.097
98 19.342 113.467 1.154 355.198 6.301 26.65 0.076 -0.173 -0.097
99 19.245 108.456 1.103 356.301 6.301 26.65 0.077 -0.173 -0.096
100 19.149 103.444 1.052 357.353 6.301 26.65 0.077 -0.173 -0.096
101 19.053 98.433 1.001 358.353 6.301 26.65 0.078 -0.173 -0.095
102 18.958 93.422 0.950 359.303 6.301 26.65 0.078 -0.173 -0.095
103 18.863 88.411 0.899 360.202 6.301 26.65 0.078 -0.173 -0.095
104 18.769 83.400 0.848 361.050 6.301 26.65 0.079 -0.173 -0.094
105 18.674 78.389 0.797 361.847 6.301 26.65 0.079 -0.173 -0.094
106 18.580 73.378 0.746 362.593 6.301 26.65 0.079 -0.173 -0.094
107 18.487 68.367 0.695 363.288 6.301 26.65 0.080 -0.173 -0.093
108 18.394 63.356 0.644 363.932 6.301 26.65 0.080 -0.173 -0.093
109 18.301 58.344 0.593 364.525 6.301 26.65 0.080 -0.173 -0.093
110 18.208 53.333 0.542 365.067 6.301 26.65 0.080 -0.173 -0.093
Inlet 18.115
Pmax= 23.500 psi < Pmax Allowable: 30 psi YES
Pmin= 18.115 psi > Pmin Allowable: 17.900 psi YES
∆P= 5.385 psi
Pavg= 20.986 psi 2605.12
Quick Check
Max Flow rate Avail: 500 GPM
System Flow Rate : 365.067 GPM Ok
.69" Cost Analysis
Total Cost of Pipe: $9,722.07
Pumping Power Cost:
10% (Grower decision)
0.2 $/hw-hr (PG&E website for off peak use)
0 (Assume)
10 years (Grower decision)
Pumping Plant Eff.: 57% (From Pumps book for good 15hp motor)
Area/Tree 352 ft^2 (Calculated)
Irrig. Eff: 93% (Assumed)
4 in (Assumed for area)
Annual ET 48.700 in
Peak ET: 9.74 in/31days
0 psi (Assumed)
383.71 hrs/month (Calculated)
Application rate peak ET month
Pressure available:
Hours of operation during Peak ET month:
Interest rate:
Energy cost:
Energy cost increase:
Life of investment:
Effect. Precip:
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0.0273 in/hr
Hours of operation per year
1760.99 hrs/yr
WHP/psi, IHP/psi, and $/psi
GPM: 475.1
TDH required of the Pump
Pressure required at pump outlet= 18.115 psi
Media filter loss when dirty= 7 psi
Emergency screen loss= 0.5 psi
Assumed Minor losses= 6 psi
Pump Inlet pressure= 0.00
TDH= 31.615 psi
WHP/psi= 0.28
IHP/psi= 0.49
$/psi*yr= $127.74 or $55.30 per ft-yr
Cost/yr= $4,038.47
Increased cost for installation of larger hose
Total est. system cost in 10 years
Recommend using 0.69" hose
Filtration Requirements
$2,100.00
$95,026.19
The filtration design will be media tanks for moderately dirty water. For drip emitters, you need to 
remove all particles larger than 1/10 of the emitter orifice diameter.
𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝐿𝑎𝑡𝑒 = 𝑃𝑒𝑎𝑘 𝐸𝑇𝐼𝐸
𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛
𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 𝐸𝑇 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 − 𝐸𝑓𝑓. 𝑃𝑟𝑒𝑐𝑖𝑝.𝐼𝐸  
𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝐿𝑎𝑡𝑒
𝑊𝐻𝑃
𝑝𝑠𝑖
= 𝐺𝑃𝑀 𝑟𝑒𝑞.∗ 1𝑝𝑠𝑖 ∗ 2.31 3960 𝐼𝐻𝑃𝑝𝑠𝑖 = 𝑊𝐻𝑃𝑝𝑠𝑖 ∗ 𝐸𝑖 ∗ 𝐸𝑚$
𝑝𝑠𝑖 ∗ 𝑦𝑟
= 𝐼𝐻𝑃
𝑝𝑠𝑖
∗
.746 𝑘𝑤
ℎ𝑝
∗
𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑟𝑠
𝑦𝑟
∗
$0.20
𝑘𝑤 −ℎ𝑟
43 
 
 
 
 
Maximum Flow Rate= 365.067 GPM
Mesh size 120 has an opening size of .0049in or .12mm
Sizing the media tanks
The total flow rate= 365.067 GPM
For a moderately heavy dirt load, a given value for GPM/tank is:
4-36" tanks-low value= 300 GPM = 50.0 GPM/tank
high value= 399 GPM = 66.5 GPM/tank
Since our flow rate fits inside these two values, I will use 4-36" tanks
Check to make sure this is enough tanks during a back flush
4-36" tanks with a filtration capacity of 20 GPM/sqft
35.325 square feet of area has a capacity of 706.5 GPM 
So the design should work
I am going to assume a pressure loss of 7 psi when the filters are dirty because this is a 
conservative value that can be reduced with good underdrains and valves
For a backflush flowrate, I am going to assume a value 110 GPM. This changes based on 
the tank itself, but 110 is good estimation
Filtration Summary
4 36" tanks
#20 Round Monterey Sand
7 psi loss when filters are dirty
475.1 Total high system flow rate during backflush
TDH required of the Pump
Pressure required at pump outlet= 18.115 psi
Media filter loss when dirty= 7 psi
Emergency screen loss= 0.5 psi
Assumed Minor losses= 6 psi
Pump Inlet pressure= 0.00
TDH= 31.615 psi
Leaching Requirement
Water Quality (dS/m): 1.0666667 (average)
Effective rainfall (in): 4
Irrigation Eff.: 93%
I am also going to recommend that an emergency backup filter is installed in case there is a malfunction with 
the media tanks.
To meet these requirements, I am going to use #20 Round Monterey Sand. This is because it doesn’t 
have the rough edges of the crushed media and should last and perform better longer.
For these emitters, RainBird requires the designer uses at least 120 mesh. Netafim only requires 80 
mesh, but the higher mesh size should be used to be conservative.
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ET (in): 48.7
Ecmax (dS/m): 1.5
Leaching Requirement: 16.58%
Gross Inches/year: 58.77 in
Leaching Requirement: 9.74 in
Basic Irrigation Scheduling For Design
MAD: 40.00%
AWHC: 1.75 in/ft
Root zone: 5 ft
Solution: 3.5 in
Month ET (in)
March 0.68
April 3.5309
May 7.353
June 8.829
July 9.7405
August 8.5878
Sept. 6.5408
October 3.4765
End of year
Hrs of Operation/wk
5.662
Sept. 3rd, 15th, & 30th 3.5 in
October 16th 3.5 in
0.000
0.680
4.211
11.564
20.393
29.401
61.227
73.517
30.133
38.721
45.262
48.739
N/A 3.5 in
N/A 3.5 in
May 15th & 27th 3.5 in
June 10th & 20th 3.5 in
July 4th, 17th, & 31st 3.5 in
August 7th & 17th 3.5 in
81.107
71.509
54.464
28.948
Irrigate if available water <
(Round to 5 inches simplicity)
Cumulative ET (in) When to irrigate Irrigation Amount
𝐿𝐿 = 𝐸𝐶𝑤5 ∗ 𝐸𝐶𝑒 −𝐸𝐶𝑤 𝐿𝐿: 𝑖𝑛𝑐ℎ𝑒𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑛𝑒𝑒𝑑𝑒𝑑 𝑓𝑜𝑟 𝑙𝑒𝑎𝑐ℎ𝑖𝑛𝑔𝑖𝑛𝑐ℎ𝑒𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑝𝑝𝑙𝑖𝑒𝑑
𝐺𝑟𝑜𝑠𝑠 𝐴𝑝𝑝𝑙𝑖𝑒𝑑 = 𝐸𝑇𝐼𝐸100 ∗ 1 −𝐿𝐿
𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑒 𝑖𝑓 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑊𝑎𝑡𝑒𝑟 < 𝐴𝑊𝐻𝐶∗ 𝐿𝑜𝑜𝑡 𝑍𝑜𝑛𝑒 ∗𝑀𝐴𝐷
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Comments about irrigation scheduling: This is just a basic irrigation scheduling and other methods should be 
used to complement it. On the graph, the blue line shows the cumulative ET and the black lines show the 
approximate date when the field has reached maximum soil depletion and the farmer should irrigate. Also, 
the required hours of operation per week for each month is also provided. None of these exceed the 
0.000
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Total SMD
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Cumulative ET
Cumulative ET (in)
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IRRIGATION DESIGN SKETCH 
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